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V. 8. Abramov, Yu, 4, Bochkova, and A, p. Polyakava,
Kazen' Chem-Tech Tnst im S. M. Kirov

We showed in previous reporis that dialirylphosphoreus acids react with alge-
hydes ang ketones [1]. The reaction tulles place in the presence of freshly pre-
pared alcoholates or alkali retais, Ip vrevious articles, the methyl, ethyl,
bropyl, and other esters - q—hydroxyull:ylph-sphonic acids were described, In
the present article, the ﬁ-mcthoxyeth_‘/l and B-et.hoxycthyl esters of &-hydroxyaligyl
phosphonic acids .re de.cribed,  The esiery Just mentioned are obtuined by the
interaction or di-p-methoxycthylphssp‘norous une di-ﬁ-etilo.‘:yethylphosphorous aclds
with various aldehydes ang Retones, As ip PreviousLy described €8se¢s, the reac-
tion takes pPlace in the Prescuce of srull assunts of alesholates o alkali me-
tals -~ sodiwn methylote in vurticular., e reaction takeg plece rapidly with
the liberution of zmuch niut, By arelogy vith the behavior or other dialkylphos-
phorous acids, the mechanisn for this ciion may he fepresented with the follow-
ing :cheme. The Soulwi aleoholute rencls with di-B-neth sethy Lohosphorous oy
di—B-ethoxyethylphosphorous teid wnd forny it soGium salis

(F.OCHgCHgO);gF f ; + 3’.’o;-:u;L(z\mecrieu)gswa + R'0H

The carvon ip the curbonyl EX00) Lecsi g cationic auring, the coucse of the
reaction due io the disoin ceernt or elt’:ctrnns, undé intepscty With tLeo solitary
2air of phosphsrug electrons of the sodium sult of (ii-ﬁ-&J;xa:»::ycth;,*lphosphm‘ous
acid:

Ko ~
(ROCHACHA0) po0r: 4 ISR (ROCHRCHRO0) nP=Crm it s
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—( ROCHZCHEE)) 2}= =0 ‘ (F(OCH2CH2(')) 2f= 0
~ip s ¥ c.ona
R e

0
+(ROCH2CH2O)2P\/ — (ROCHacHQOl%?P=0 +(ROCH,CE,0) ,PONa
i N coox

RY —

etc., shere R— CHy or Cols, and R' ang R" - diiferent radicals of aldehydes
and ketones,

B-Methoxyethyl and P -ethoxyethyl esters of z-hydroxyalkylphosphanic aciﬁ
4re ovtaines as g result of the Feaction. The esters thu, obtained are in the
Torn of Syrupy liquids, often vith low mobility,

Attempts to burify the esters by vacuw: distilletion at o residua! pres-
Sure of 2 mm were unsuccessful,  During distillation, the rsters decorpose into
the initial sthstances, Only the reaction products or di-B-methoxyethy . phos-
Phorous or a1-f-ethoxyethylphorous ecld with ucetone distiil with {mereiy]
pertial decempusition, For this Teason, e hud to farp to other methods of vur-
Ification, e purification of B methoxyethyl ana B-ethoxyethyl esters of [~
hYdroxyulkylphosphonic acics vas carried out using o simple method of adsorption.
Calcineq aluninum oxide ang activeted carbon, used successively, served as ad-
Sorbents, Methyl alcohol erved es u golvent end in sowe cases benzere vas tried.
The listing o7 the esters end their constents is foung in appended tubles,

Ve also carried out reactions with other curbonyl compounds: nethylethyl.
ketone, methylpropylketone, atetophenone, benchhenone, benzil, ang others. Iso-
lat.on of the corresponsing £ methoxyethyl ang £ -cthoxycthyl esters or Z-hydr-
oxyulkylphosphonic acids was not suzcessful, 4, increase in temperature ang g
change in the physical Properties of the mixture during the course of the experi-
ments indicate that a reaction ig toking place betweeu the interucting substances,

While studying the broperties of ¢<hydroxyalkylphosphonic acids, we pointed
out that heating then leagg to their Gecomposition inte the inftial substances,
while reising the tempercture shirts the cquilibriw; to the side where the forw
mation of the initisl substences takes place:

B g R
R0laP-cZ T (Ro)opy + ~C=0
M e = g e
0 on 0
The easy rupture oi" the C-P hond is expleined by the bresence of the hydaroxyl

group et the ¢ Puvicion und the Dresence ¢i' g nydro =n bong side the molecule,
In 122 zeges investicoteg or the interaction of di-&-methoxycthylphosphorouu and
di-B ethoxyethylphosphorous acids with the stetes ke anog there “bparer” iy takes
pluce an analogens process of rupture of the rormeg F-methoxyethyl ang b -ethoxye-
thyl esters or c?hyd:oxyulkylphosphonic #clds vt the C-2 bopg, The decomposition

ol the esters 14y be representeg by the following schese:

i B R

- . . seen e ey N 7 A
(ROCULCHAO) p P o —> [ {BOCHC 1,0)p50 ¢ —> C=0+
272 2' I\Rn 2@ “ - '\Ru R
0" K0 ot

/‘)
=
+ (ROCH,CH,0) 12,
2TAVEN 4

vhere R== CH3 or CQHB’ 2né R and B — different ketone redicals,
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It is probably for this reason that some esters of o -hydroxyalkylphosphonic
acids cannot be obtained, Their decomposition takes ploce so readily, upparently,
that the heat given orf Guring the reaction of their formation leads to the re-
Verse pror-ss. In other cases, the ester apparently splits under the effect ol
the heat applied during the process of purificati n. In some cases, lowering the
heating temperature in the purification process had a favorable effect in that

1t improved the yield of the corresponding esters, for example, in the interuc-
tion of di-ﬁ-mcthoxyethylphosphorous acid with cyclohexanone, butyric aldehyde,
&nd other carbonyl compouncs. Selection of the right temperature during the pur-
ificatio. of esters of a-hydroxyalkylphosphonic acids plays an important rolc.

EXPERIMENTAL PART

The experiments were carried out in the fo'lo
nixtures of di-p -methoxyethylphosphorous or di-F -ethoxyethylphosphorous ucics
Vith the aldehyue or ketone were prepared, to wnich a small amount ot freshiy
prepared sodium methylate was added dropuwise. In orcer to contrcl the cou:se
of the reaction, the temperature, refractive index, and specific gravity oi the
equimolecular mixture of the reacting substances were determined beforc the ud- !
dition of the sodium methylate., Then the sodium methylate was added ana the in-
crease 1n temperature roted. After the completicn of the reaction, the cunstants ;
Were ogein determinec. Then the obtained product was puriflieg.

wing manner. Bquimoleculur

The purification of the esters was carried out in the following amanner.
The reection product was dissolveg in

three to four times its quantity of methyl

ulcohol und the solution blaced in & round-bottom flasic with & reflux conden-
ser; ther 10-15 g of Treshly calcined alunipum oxide vwere asaded. The rlask with
its contents was then heated on & water buth for 1-2 hours. The solution con-
teining the product was filtered from the aluminum oxlde. Activated carbon wus
then added to the [iltrate and the mixture sgain heuted on @ water bath for 1-2
hours. fThe carbon was filtered out and the riltrate pleced in an Arbuzov flusk
-+ from which the solvent, methyl alcohol, was distilled under vacuum with mild

heating. During this operation, the cerbonyl compounds were also removed {if

they h2d not been adsorbed. The Physlcui constunts of the residue were deter-

mined., The p-methoxyethyl esters of -hydroxyalkyiphosphonic &cids that hsve
been vbtained are listed in Table 1, urd the F-ethoxyethyl esters of x-hydroxy-
alkylphosphonic acids in Tcble 2.

TR G e e ey

The conditions for the reaction betw
di-B-ethoxyphosphorous acics
lisced in Tubles 3 ang k.

ecn Gi~ﬂ-methuxyuthylphosphorouu oxr
and compounds contaaning the carboryl group are

CONCLUSIONS

L. In the presence of sodiwn rethylate, ci-Z-methoxye
di-z -ethonyethylphosphorous acids react vith var
a result of the wo % cerried out, seven new metho
esters of vauious-t-hydroxyulkylphnsphunic acide

thylphosphorsus g
wus tadehydes and ketones.,  As

ihyi und seven new ethoxyeihyl
WEIC PIeiled why charvelerizou,

2. The .cections oi ¢l =
phorcus acids with acetophuacue, t
That the reactions betweer. these sul

syethyipbosphorous an: di-Foelhonycthy [ni - ;
henone, and other weton_g wer. urricd oul.,

stances co trke ploce is cuniitmed by on Lo

crense ol terperuature; hovever, the corresponuing esters ¢y L-hyoroxyatlypie s -

phcuic acies vere ot obtained, which we explein vy the ruct Lhot Che G- L,

in thes: esters spiits readily,
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Table 1. 2 -Methoxyethyl Esters of .-Hydroxyalkylphosphonic Acids

MR Phosphorus
D Content (%)
Initial . ) Yield
Carbonyl 20 dEo (% of theo-
No Compound Formula of Substance Obtuined " & Found Calcd Founad Calcd retical)
1 hcetelde- (CH30CH,CHQO) oF-CH-CHy 1.khoy 1.1681 sh.61 54,31 12.61, 12.81 79.9
nyde G on 12.7¢
2 Dutyralde- (CHyOCH,CH,0)oP-GH~Clp~Cll,-CH., L.h66 1 1365 63.h9  63.55  11.67, 11.48 60.6
hyde 3 OH v 11.6h
3 Benzalde- ( cn:ocz»{emazo)Qg-gzn-c(,n5 1.5055 1.2241 13.7 3.8 10.53, 10.20 69.7
hyd: - O OH 10.48
Q
o
8 L Salicylal- (crx3ccn2c520) 2P~CH-Cgin, OB 1.4975 - - - 10.09, 9.69 59.0 =
. dehyde 0 OH 10.00, g
% = 9.95 g
!
= 5 Acetone (C™,0CH,CH,0) ,P-C(CH,), - 1.4365 1.1540 57.97 57.83 12.06 12.11 66.4 E
3] - 22%5332 12.o§
5-a% Acetore 1.434s 1.1573 57.67 - -- -- --
CHy-CH,
6 Cyclooen- (c53ocxzcazo)2§-z;/ 2\ 2 1.4640 1.191¢ 65.43 65.96 11.35, 11.0 66.1 50X1-HUM
. tanune 0 OH™CHy-CH, 11.52
o - CHp-CH,
T Cyclohes- (crl3ocngcneo) P-C CHy 1.k660  1.1648  70.37  70.5 10.51, 10.47 55.8
none 2" T 10.55
o OH

*Procuct was seperated by vacuum distillation; bp 125-126° (2.5 um)
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Teble 2. B-Ethoxyetnyl Est
&ble 2. B-Ethoxyethyl Esters of cr:rlytlroxynlk,ylnhosphonic Acids
MR Phosphorus
. _D Content (ﬁ)
Carbonyl |
hi[ n F i
Ilo Compound Formula of Substance Obtained ngo d’fo Found Caled (Y;Eég e
N S e D i ale Found Calcd - retical'! )
poe ol 20520)251-911-0:{3 1.4430 1.123 63.5 6
. 5 3.5 li-]._?!’} il.5 67.3
2 Buty:rzlde- C. i ‘
e { zxxsocﬂ2cn20)2|i(’-f‘:1x(cue)2c1{3 15476 1.100 T2.5
h 2. T2.7 12.3, 10.4 53.1
3 Benzalde- [ "
ez ( 2Hﬁacu‘,ecnzo)21_°-z.:nc6u5 1.4983 1.168 82.0 3,
: ) i . 3.0 10.3, 9.5 69.5
’ . ) 10.3
g 4 (causocﬁ,,cneo)zP-cnc Hy, Ol
g o) ob-Ccg - T 0 g
. re -0, 9.1 8.9 50.7 =
i 5
= 5 scetone Col ¢
i ( grsocnzmevje.l’-c(cx:)z* 1o 1097 63.3 68.2 g
o du ' 1&368:( o 30 E
. ) CH, -CH, . |
G Cyelosen~  (C H.0CHCH.C). p-cf = ( © 5
yelose i OCH CIL, )2? c\ I 1.4570 1.135 75.7 75.2 10.1 10.0
| . .1, o .
C 0uc_[2~czre 10.2 e
LAl P
T Syelohex-  (CpHy0CHLCHL0) pof 2 CH2\ T
Lo 2;5 0 /cu2 1.4562 1.110 79.4 79.8 10.5, 9.5 4.6
CHp-Cil : 10-5 "

*Bp 1Lh-31%50 (2 tm)

L3
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Table 3. Course of the Reacticn of Di-ﬁ-metho:zyethylphosphc-rous Acid With Carbonyl Cormpounds

Amount of Constants of Temmerature In-
Reacting Sub- Initial Mix- crease During
stances (g) ture Reaction

20
Dialkyl- R
~ing Carbonyl Carbony. phosvhor- 20 320 of HMixture
i Compound ous Acid % L To After Reaction

Acetuldehyde 2.11 9.5 1.4287 1.085 1.43%0
‘Butyreldehyde 3.0 8.0 1.h2% 1.0 1.4koo
Benzaldehyde 'R 8.0 L4775 1.133 1.hk952
Selicyleldchyce k.2 1.4380 1.167 1.4848

Acetone 1.h205 1.106 1.4315

Cyclopentunsne ;. 8.0 1.4337 1.080 . -

(]
2
i
e
&
=

TVIINAATINOD

Cyclohexanone B 8.0 1.%372 1.079 1.4285
Hethylethylltetone®* 3. 10.0 1.4203 1.07h 1.h235
Hethylnronylietona¥s . 5.0 1.k150 1.031 ! 1.4285
Acetopkenone R 5.0 14775 1.095

.Benzovhenone 3. h.o 1.4970 1.139

Dibenzylketone b 4.0 1.49.0 1.112

[Adjoins page T here.}
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13 Benzil 1 : 1 5.3

14 Benzil 1 : 2%xx 9.0

[Adjoins rage 6 here. ]

5.0 -~ -- 3
18.8 1.4650 1.1606. . 2k

*Constants cf reaction product: dhaa 1.1826; ngo 1.4625; MR 62.81; calca 63.55

**Constants of re.ction product: d,_‘a) 1.091; %20 1.k220; MRy 66.15; caled 68.17

***Censtants of reaction products dl?:’ 1.1757; nD2° 1.4625; MRy 66.15; calcd 63.17

e e o i e e e i e e

ey g s

120

1 .k’g?s
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Table 4. Course of the Reaction of Di-B-ethoxyethylphosphorous Acid With Carbonyl Compounds

Dialkyl- - “p
Starting Carbonyl Caronyl phosphor- 20 20 of Mixture
Ho Compound Compound ous Acid 'l 4 From To  After Reaction

1 Acetaldehyde 2. 12.0 1.h229 1.03% 23 110 1.k3%0

2 Butyraldehyde 2.8 9.1 1.4230 1.037 21 97 14404

3 Benzal:iehyde 2.1 b.5 1.4696 1.079 2 81 1.4937

L Salicylaldehyde 2.4 L.7 1.:84% 1.119 25 9 1.44k1
% 5 7 Acetone’ 3.0 9.1 - 2. 20 T2 - g
H o 6 Cyclohexanone 2.1 4.5 1.4372 1.045 17 78 1.h562 E
g ! 7 Cyclopentanone 2.1 4.5 1.1330 1.043 16 65 1.4512 g

E 8 Methylethylketone 1.8 4.5 1.4%150 0.997 18 66 1.4225

9 Methylpropylketone 1.3 3.5 1.k1g1 0.998 20 62 1.h2ks

10 Acetophenone 1.8 k.5 1.k6kg 1.087 27 109 1.5450

1 Benzophenone 3.6 4.5 1.4970 1.102 19 107 1.4956

12 Dibenzylketone 4.2 k.6 1.4964 1.083 22 ko 1.4880

13 Benzil 1 : 2 4.2 9.2 - -— ko 101 1.4828

1k Benzil 1 : 1 4.2 4.6 - - 63 16 1.4380
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